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THE FEASIBILITY OF CONCENTRATING/SEPARATING DILUTE 

NITROCELLULOSE ACID WASTEWATERS BY REVERSE OSMOSIS 

I. INTRODUCTION 

1. Subject. This report cmers a Picatimiy Vrsraal-financt'd tstudy of the feasi- 
hilily of mcniliranc technology for Ihr concentration and/or .separation of dilute acid 
uajit«'waters-. 

2. Background. Arid wastcwatcr* an- generated in the manufacture of explosives 
and propeilants. The primary pollutants are nitrate-^ in the form of nitric acid and Sul- 
fates in the form of Milfurir acid. Nitric acid is generally the nitrating agent used in the 
production of such commodities as trinitrotoluene (TNT), nitroglycerin (NG), nitro- 
cellulose (NC), and nitroguanidine. Sulfuric acid smooths the nitration reaction and 
absorbs the water released by esterification. Pollution results from the numerous rinsings 
following the nitration step and also from spills, leaks, and washdown operations from 
the maiuifacttiring processes involved in the production of nitric acid and inorganic 
nitrates. 

II. INVESTIGATION 

3.     Technical Approach. The liencli scale phase of this project using commercially 
available cellulose-acetate RO membranes was designed to demonstrate the feasibility 
nf coinentratiiig/separating the spent arid wastewaters. The wastewater used in the 
evperimental setup was a HMOO-gallon hatch taken from RAAP's Nitnxrllulose Roiling 
Tub Pit. Acid concentrations were as shown in Table I. The experiment using a process 
evaluation liench scale model with a siti<.'lc spiral-wound module was designed as noted 
in Fitfiire I.  No pretreatmenl. such as pll adjustment, was attempted, nor was it deemed 
necessary to filter the water prior to the RO process. Conciirrcntly with the in-house 
work heing conducted at USAMFRDC, a contract was awarded to the Direct Energy 
Conversion Division, General Electric Company. Lynn, Massachusetts to constitute, 
<a.«l. and fabricate modified sulfonatcd polyphenylene oxide (SPPO) RO membranes 
which in previous G.F. work had indicated fa\orable resistance to low pH environments. 
Time Irainin^s on both efforts were such that July 1074 was estimated for oil-site pilot 
plant studies (at R VAP) to confirm findings obtained in the laboratories. The scale of 
(he pilot plant operalions was designed to IM- approximately 1000 gallons per da\ (gpd) 
product water. 
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Table I.   \<-id ( oiupo*iUun ot Wastrmilrr t'rom 

NilrMtllitlo*- Vn .t     Itoiliii*: Tult I'll 

Kaiil'ord Armv   Viiiiuumlinn Pldiit* 

 ('.oiu»-iiiraliini (ppnp 

Mtralrc Sulfates 
(NOj) (S04) ,.il 

:*2(K) 54(HI 1.4 

•CuUrctrd Jul> 1973 

1.0- 
:1.N0, 

vl.t 

f(t) 

ci.so4
sf(t) 

2,0 r2.t 

C2.N03Sf(t) 

c2fS0^f{t) 

Figure 1. Simplified schematic flow diagram for laboratory set'jD. 



rwmm 

Tlr mt'ili-liiig tiidlli'-iiMln« i-l III« • \|N-riiiirnl itn- d« l.iik->| in \|.|H'mii\ \. 

riii> IIKMII-I Mao .<iil>M't|iN-iili\ coiifil in K >K I K \N \>\ t\t>   VIMKM-A IV'x.Taituni'c 

DivioMMi (I SAMKKIX) IW um- mi I SVMKKIH'. ClM  (MM 1l1pl.1l mmpul'-r   I IM- 

liroürani appt'ar>a> \|»|N-III|I\ |{. (>III|HII I.>aiailübli- 111 IIM- |iriiil«-<i moil» ami 1- 

CALCOMPplo^anit |iriiil> 

Ml sinifil«- coll« it ion .MKI IIH-IIIK al diiüh«" i»«'r« .H < UIUIIIISIK-II II\ |N rMMiiD*! 

«if III«- SSI). I SXMKKilC.   Nilral«- il<-i«Tiiiiiialii»ii~ *vrv IUMU- IIMII^ a mtral«- >|N-i'ifii' 

iiNi «•|«'<-tr«>tic pr«»!*- in CIIIIJUIM ti«Mi niili an <A^UIKI«-«! >«al<- nifti-r. Sulfat«- nmcfnlra- 

liun!> Mfir il«-l«Tminf(l iiüiiit! a lla«-li l)K/2 «|ii-i-tr<i[iii«>l<inirl«'r JIMI (IM- lurliitlini« In«- 

niPthud found in \PH\ Stantlanl Mfllitui*. I.illi <-diti«Hi. 

4.     ReMlts.  TIH- «dwrwd dala for llii- plw«- of llr- pr«»j«-i'l an- «lioun in Tahlo 

2 ttirough 6.  Vitra»«- «"«Kf ntratuin.* an- doi^iatftl ** IMi'l Kll'^ I. Millal«-* as 

IMPURITY 2. TIM- iinnlit.-' n«m ral«' i.* r«-|Mirl««l in Tald«- f». wlwr«- tin- «liansc in xoliimc 

of tlr pro«luct I nk 1.- iiirasurt-«l ** a fum-tioii of Uiw. TIM- «■•dl«-«l«-il data u«-r<- aiial\/t*il 

and plot!« d inint; «-«unpulfr «urx«- fitlmy l«-< liiii«]ii<-- anil |»r<»grain». f!al«-<iiiip plol- HIT- 

pHKlucrd and are shown as Figur«-« 2 lliron^li 4. 

\ !4-iitn«l-<»r<l«-r p<>l\nominal < iir\«' Ma- IIMMI as tin data filling nuidi-l for tin- 

data reportt-d in Taldrs 2 Ihrongh 6.   Tli<- «lati»li«-al parain«-l«-r< a>!MM-iat«-<l mill tli«-s«- 

fit* wen- <-al«'ulati*d and an- rr|Ntrt«-il in |IM- romputrr printout attarlnl a» \p|M-iidi\ ('.. 

ralcuial«-«! «-npn«-« nils; <li-si>;n |iar:iiii«-l«T>. IMIS« «I «HI «iDml urd« I < nro- til« to 

IIM- <ib!«'r\«-d «iati*. an- sli«>wti in laltir 7. 

(Iali-ij|at«-d flux rat«-« a« a fumtion of IIIIH an- slum n in TaM« H .imi tin 1 ar 

li-siar i'<ior«linat«' graph of IIM'S« xalncs in Ti^nr«- H. 

Th«- «dt*-r\i'd data as r«-port«'«l l>> (<*-ii)-ral l.li-< tri« (iompanv nganlin^ tin- 

modified SPPO m«-mhraii« [H-rfoniianit- an sliimn in laid«- •'. 

Figure "» sh«»v»s Ivpnal uciil wasl«'Hal«-r as ^«m-rali-d al H \ \P. 

Figur«- 6 shttMs a tvpi« al s«'f-lioii of i'('|lid«>M- a< flat«- KO m«-nil»ram ml from 

lh<- a« dial module uwd in this «tmlx. 

Kigun- Tshow-a Ivpieal 2 imh-diamel« r SI'PlI R() niiidid«' m«>ii'i»ed on a 

Ix n< h xali e\f>«-riin«-iilal «-tup. 
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Tablf 2.  lni|Minl\ Nd. I (Nitrulr.»). lirinr Tunk Conrcntratiuii vs Timv* 

— .... MtrairsConr. (ppin) 
TlllH Run No. 
(IT) 1 •» 3 4 5 

0 2080 25.1« 2330 2500 2180 
■> 20H0 2.'»<M» 2310 •• 

I 2(>:{0 2460 2360 2420 
h 2027 •• 2190 •• 

H » 2400 2200 2280 
10 ♦ • * 2160 *• 

12 »* «• 2173 2290 
14 • • *• 2155 •• 

t(. *• 2320 1990 2190 
Ill •• • • •• 1825 
20 •• 2160 1700 •• 
»•> «« • • 1495 
21 •• • • * 

26 • ♦ • # 1310 
*• 'llukitr-jirlatr mrmUair. 

**V> <litl rollrilni «I tin- pniilt. 

Tahl«' 3. Im|iiirit\ \o. 2 (Sulfalo). Brine Tank Concentration vs Time* 

Sulfates (lone. (ppm ) 
I'lllK RUM N i). 

(III) 1 ■» 3 4 5 
0 urn 5900 5800 6400 6300 
■» 4100 6300 6500 •• •• 

1 .")600 6200 6600 6900 *• 

«1 5800 *• 8500 • • *« 

H • 6600 8500 7900 «• 

Ml • • • » 9000 »# •* 

1-' • # • • 9600 9100 ** 

1 I ♦ # • • 8800 ** «• 

16 «« <moo 9000 11,000 #« 

18 *• *« «* 14.000 • • 

20 ** liVOOO 10,500 •* ** 
»i ** • « 17,000 ** 

21 #« «■ • • •» 

2». • « • • 17,500 

'I.i llllloi   J<> I.I li- i|lri:it>r<»R<'. 

*-\<..ldl II''i •il .it tin- (mini. 
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Table 4. Impurity INo. 1 (Nitrates), Product Tank Concentration vs Time* 

 Nitrates Conc. (ppm)  

Time Run No.  
(hr) 1 2 3      " 4 

0          0        0        0        0 0 
2 2180 2700 2590       *• 2lfi0 
4 2170 2730 2610 2B50 •• 
6 2028       •• 2720       •• •• 
8 * 2800 2670 2850 •• 
10 •*       •• 2640      •• •• 
12 ••       •• 2650 2720 •♦ 
14 **       •* 2640      ** •* 
16 *• 2750 2600 2840 •♦ 
18 •*       ••       •• 2790 •• 
20 •• 2860 2210       •• ♦• 
22 •»       #        # 2770 •• 
24 #»••••• 
26 •        •        •        • 2930 
•Cellulose-acetate membrane, 

#*No data collected at this point. 

Table 5. Impurity No. 2 (Sulfates), Product Tank Concentration vs Time* 

Sulfates C'inc. (ppn.) 

Time Run No. 
(hr) 1 2 3 4 5 

0 0 0 0 0 0 
2 300 700 500 «• «« 

4 200 400 460 680 «« 

6 200 ** 480 *• •» 

8 # 600 470 620 •• 

10 «* *« 510 •• «« 

12 9» •• 560 820 ft« 

14 • * •• 540 *• ftft 

16 *• 480 500 850 ft* 

18 »« •« #• 800 •ft 

20 *« 550 690 «« •• 

22 «* • • 950 «ft 

24 *« * * » ft« 

26 * * * * 1750 

•Ccllulosp-acrtatc tnrmbranc. 
••No data rullectrd at this point. 
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'falilr 6.  Volume in IVodiirl Tank »sTimc 

Voliinir in («allont) 

Run No. 
3 

Time 
(IT) 1 n 4 5 

0 0 0 0 0 0 
2 oo ^ 23.8 61.0 «-); 25.0 
1 45.0 •15.0 88.0 35.0 #*■ 

6 57.5 *« 104.0 *• *« 

8 « 70.0 m.o 85.0 »« 

10 *♦ *« J44.0 V* »«• 

12 ♦# *«■ 163.0 121.0 #» 

14 *« ## 182.0 «* #» 

16 ** 145.0 1QH.0 160.0 180.0 
18 *« «• *# 200.0 211.0 
20 »« 185.5 240.0 »* 237.0 
22 * » « 235.0 242.0 

*  ' ••Uulose-atelal" mi'mbram'. 
"  No data COIIPC* ■d at this point. 

Table 7. Calculated Values for Enjpneering Design Parameters* 

(Based on seeund-order curve fit«) 

Time (hr)  

Pammeter 0 20 Remarks 
______   ____ _     345""™'    125»   "~   Brine T;.nl. 

(galhms) 

Volume 2 0 212 \ 2 ^-.13(: + 13t ^ 3.5 
(irallons) I'rodncl Tank 

(:SÜ4 5640       110% 
C.NO, 2330 I860 

(fiJHll) 

CSU«, = 13t2 + lit + 5676 rBrinel 
CN03 = -2(2 + 19t + 2280 [Tank J 

( S()4 5640           500**           I'mdurf Tank 
(:yA)3 0        2535** 
(ppm) 

pll 1.3**        1.0**           Brim Tank 
j.II 0            1.6s*           Product Tank 

* Ollulow-aci'ljl mi luliranc. 
** As «lisFrwd and recorded     ;ivi'r JL"' valm . 



WBM 
ii   ii  i in mm 

MMU 
• C* —»» 

•BK ^ 

o 
OK 

tn   UJ 

o    <-J 

•-     QC 

s   a. 

c   c     c 

x 
8 

r« 

/ 
/ 

t 

K-04t  " OO'**!       00 t«       00-fl'l"   OOMfl       OO'Otfl        00'»4t       00 ft I       ou-tci       oo-tt'i       oo-ooP 
,01» t   Ail«n^Ml    -   •iUOl  INIMB 

9 

5 

s 
SI 

c 

a s 
c 
o 
.1 
(Q 

c 
8 
c 
3 

£ 
8. 



f:   I 

i s 
■i 

c 
-tjm*r- 

u ». u» ~^ r-                N ■ • 
«K-<o •• 
rCS «■ •• 

•c 
o a 

• 

* c c 

6 « >- — 

C3 s 
rs m « m »— <M 
CO \ *• 
o 
oe 

a^ m        a 8 
o= •m 
MJ 
|k~ 

cz 
z » ^_ 

LO       UJ 
cc    z 
:K    O \ <n * 

C
ID

 

C
IC

C
 

— e    ok 

\ 

^ 

cr    — • 
• t 

• •            mm 

—    oc £ •    ^ 
*—■       »— 

? i 
,'. 

^    a: \ r> 
rs    Q. 

s 
i : 
is; 

c     c    %       s 
: 

\ 
s 

e                    k           r. 

^S7 8 5 - . 
\ 

cafe     n 
■  " ^ 
t ^ - ■*» 

1* o 

lr ' 
■ en #                        u 

i. 

• 
8 

)C3«I          00'«tl oo-o»i       C0«1        C0O/I 
.Of"               Z    -i 

.coiiot 
- "f^oj tfifc     00 ^    00 ^      00•,' 

> 

J6 

E 
c 

I 
3 
o 

s 
i 
J 
fi 

iZ 

H 



ü ■   1 
X 

- Lj'-r- 

* •     w v 
iA "•- r» x 
<» B -'0 

5 

"           ft 

1 
'\ « 
\ 

>■ ** 
o 
►— •V s 
10 '_ *■ 

o 
oc 
QC •  \   •   • 1 
bU |ta» 
a , 

s 
UJ ^ "5» ^^     —^ 

1 co    uj 
CZ     X at   o ■v Sw 

C3     CJ ^ ■Sy 
^^     •—• •■■ 

CJ     (_* • fc' 
CZ      — 

i ' 
t 

• •           •• 
« ;            •      •» 

•—•      •— 
! z    oc 

■5 ■=>   a. 

■ _ » a 
_ <• - 'w 
il- 
ls-                                     •          u 

j!: 

■ 

»  Sr  • • 
? - : *#• 

V 

"         Ü M  • » 

s 
'.sont      ao-*tt      oo oo>     oo*ti      oooir      oo-t< i      ooedi       OO->L       oo-d« oo-4 t         öS' (p 

I 
'S 
2 
je 

! 
c 

1 
I 
«I 
h_ 

3 
Ol 



■^»«^ff^^^^W^^ n 

Tabl<- 8. Calctilult-d Mo<iiil<- Product Ion Hate 
(R|.li&(;i»2l)) 

(Barrel on Second-Ordi'r Fitted (äirve) 

v2=. 0.13t2 + 13t + 3.5 

dt 
-  -    0.26t + 13 

Tim«- Production Rr.te 
(hr) upi» GFaD* 

0 13.00 9.49 
2 I2.r.0 9.13 
4 11.96 8.73 
6 11.44 8.35 
8 10.92 7.97 

10 10.40 7.59 
12 9.88 7.21 
14 9.36 6.83 
16 8.84 6.45 
18 8.32 6.07 
20 7.80 5.70 

•Module wrfacc wra - 33 S.F. 

Table 9. Modified Sulfonaled Polvphem l.-ne Oxide Membrane Evaluation 

Performance* 

Membrane Sample No. 
Test Time 

(Kr) 
Flux 

((;F2D) 
Rejection 

(50 

1 
2 
3 

24 
20 
17 

30 
11 
12 

87 
90 
90 

F.xpmmriital Condition» Were. 
Feed:       3000 ppm «rid (2000 H, 
Prr«:       600 ps 
Temp:      740F - WF 

S04 ,1000 UNO,) 

A« rrporlrd by Cfnrrtl F.lrctrii (x». under Umtntt |t.\ \k02-7.'M.O40T «ith I SAMFRDC. 
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III. DISCl'SSION 

3.     DiM'URftion. Tlir (rlluloM' uri-tute mcmltraiu' rxiH-riiiK'rit ili'scriiMMJ earlier was 

tiesi|!iieil In \ieltl data wliieli cuitld IN- reII^SCillative of (lie niuiliile iM'havior with n'speel 

to its altility to rejeet Itotli acid sjM-eies and to establish its water prodneliim or I'lnx rate. 

The live runs, as noted in Tables 2 tlirongb 6, essentially were deserete repelilions of the 

same experiment.   \n objective in produein^ these data was to strnelnre it into a form 

which could IM- aceeptable for etijiineering design of a larger scaled-ii|) system. The 

second-ortb-r curves obtained provide these eni;ineerin<! «lesion data when considerin>; 

the rate at which the acid species are iN-in^ affected.   Fiirures 2 and '.\ show the nitrate 

and sulfate concentrations in the brine tank as functions of time. The rates at which 

these are chan<rin<! with respect to time are casilv obtained by taking the first derivative 

of the fitted inrvc: i.e.. dd/dt.  In this manner, the rates mav be- computed for any point 

in time within the bounds of the experiment.  Since we arc ullimatelv interested in de- 

si>r|iiiit; a fullscalc plant, practicality dictates that o(M*ration stav within a 24>-hour [icriod. 

Hence, the up|>er bond on the curve i.« valid (i.e.. less than 24 hours) and differentiation 

of the curve within these time limits vields rates which mav IH- interpreted as Irulv indica- 

tive of the moduli  |N*rformaiice. This technique when applied to the penneale «»r flux 

rate (i.e.. dV 2/dt. I'ijiiirc I) of the m<idule intep'ates the rale over time. <.rivin^ a more 

accurate eslimalc of this variable as compared to a <;rab samplin<! manner of estimation. 

It is noted in this case that flux rale mav be dcscrilted as an unsteady rather than a 

steadv state condition, and hence lime avera«!iii<! or smoothing is neccssarv to account 

for the inherent variations, (iiveil this derived empirical cijualion. one mav then esti- 

mate flux at an\ >:iveii point over llie time hori/on of interest: i.e.. within a 24-hour 

[•eriod.  Simultancouslv. the rale of concentration (or loss) of the particular acid sjieeb's 

mav also IH- calculated. 

Table 7 shows the calculated values for the parameters of interest, after a 20- 

hour continuous run. lor a single |{() spiral wound module This performance behavior 

was encouraging, espccialls in li^bl of the p|| values.   Ilv drotysis of the membrane is a 

potential failure mode, and it wasex|iected by this investigator that hvdrolvsis woidd 

(»cciir.   \ rapid means of deteetill«; ^ross hvdrolv sis was used throii<;houl the data collec- 

tion phase.   This involved rinsinu the modide with tap water and determining the lohil 

dissolved ndids (IDS) values of tin- inlet, product, and rclcnlalc streams usin«j a dissolved 

solids meter.   In each case, the reported TDS rejccti.in rale was recorded .tl (on the 

average) approximatelv *>ll percent. This indicated that pross livdrolvsis had not occurred 

\ possible explanation for liii- lavorablc Ix-luivior mav lie in part in the operational mode 

followed throughout the experiment. That is. after approximatciv even II hours of con- 

tinuous operation, a short iieriod of fresh water flushing was accomplished. »hieb in 

eflecl tended to modifv the memliranc pll-a critical condition for hvdrolvsis In occur. 

To assume that the membrane pll is coilsislent with thai of the brine or permeate fluids 
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ii> mil IMI r>siril\ rurn'rl.  Tliif a»iiiii|ili<)ii mcil.» I'tirtlit'r vrriliriilion mid \t> «lociirnnil- 

uliuii i> IH-MMHI llic MU|M' ol' llii> work, Tlic tlala OIIMTM-II hen- imliratr llial llicri' max 

IN' an in« oiMstrm \ in llir nirinlirani-l'lnitl (ill n lali<itislii|i or lhal al lra>t a lim<- rcarlion 

ili-ninil ninilition tAisl>an*l it plaxsa M<;iiiri<anl r<>lr in lhal r<'l<ili«»ri>hi|i. 

In ri>\irwi(i^ flit- pnxlurlion nr i'lnx ralt-s uf Ihr nioiinlr. rxahiatin^ llic vari- 

ahlc ilNj/dl lor M-lrtlcil I valuo <;ivrs an inilitalinn <>l' Ihr niniiiioiil) ohsrrvnl riassical 

"loiilin^" iH'huvior.  Tlif rxai'l irn'rhc'iitsni ttr raux' lor this |ilinit..nriion will nol he 

[turMinl hiTt*. hnl siil'l'in- il |u six lhal ihr |iriiiiar\ raus1 wa> hrlirvcil In hi' roll'tiilal 

malrrial.« anil Icrrir oxiilcs.  The mlloiilal iiialrriai." Ill») havi' IKTII prcstnl in Ihr origi- 

nal ua>lr\\alrrs. whil«- Ihr iron oxiilcs iiia\ lia\r ori^iliah'il wilhin Ihr <'\|H'rimriilal s\> 

hin ilur |o iht' rorro>i\«' uilivil) ol llif anils ii|ioii Ihr niflallir i'oiii|Miiii'nl> of llic si'lli|i. 

In aii\ i-as'. Hit' noltworlh) ilt'in io lhal rijiiirr H i> rt'iin'^'iilalivt' of slalislitallx ana- 

l\/.i'il \aliit-> Mhiih intliialt' llic rnovrrahilih ol Ihr flux allrr ri'iM-altd rxfrririH'iils or 

i'\|ioMirr>.  Thai i>. Iht' I'imt'tioil max !«■ iiih'rjirclfil a> hcinji a iimlii-ttir lor a ri'M'r.>ihlt' 

l\ (»c ilt'^railalioii of flux oMTlinif (2(1 hours) u ht'ii llif o|M'ralional inotlr iiirliidcs (MT!- 

otlii rhishin^ with a frt'sh HUIIT. (Üvrn lliis i-iii|iirii'al "«■iifjincrriaj: tlala" ami lhal 

shown in Tahlf 7. Iht' |irol<lt'iii of a |iro|H'rl\ iltsi^mil HOsvslini i'a|iahii' of tnalin^ 

at ill wa>li'wali'rs ran IM' a|i|iroarliril wilh an i'iii'oiira^iii>! th'firi'«' of ronfiili'mr. 

lO-i 

Figure 8.  Flux (GF2D) vs Time (hr), Cellulose Acetate RO Membrane. 
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TIM- «Lil.t |in>riilril uii Ihr SIMH) iiii'iiiliiatii*.« ( T.iltlr M) ••IIOMJII^ Ihr IIIIN iiml 
r<-jniii)ii ulo. alllmu^li no) (iiu'ii llu  l\|N'ul iiii;il\>i> a." Iiml >III<UII lor llir ti'llnlitM- 
anlatc. a|i|M-.ir |o Iw III«I>.| <-iili<:liliii<:.   || JMiolrtl llial M'^nithanl (»rojjrrw lia> IMTII mail«' 

in Hi«'(i.r.. i onlrarl.  KoriiiuluUii«;. ('itxliii^.uinl llu- laliriralin^ of >|)irulMuiiiiil iiiuiliilt-.« 
Iia.« INTII ruiii|ilrlri| lor «'Xlfiirtv«' lolin^ in IIH* sralril-iin |iilol |ilaiil o|M'raiiuii noiiil 
rarlirr.  I hiring llii> iir\t plias«. lipiroiiM-xiNtsiiri' ami aiiai}H^ of llu OIIMTWII tiala Mill 
IN- atTom|ili.-lirtl on liolli lli«-s«- SIMt) ami ollirr n-jjulos«- anlalr .«iiiraluoiiml HO 
iiioiliilf.-.   Tlirrrlorr. lurlhrr ili.Mii^ioii rr<.'ariiiii<! Ill«- SIMt) liD-rnlifaiH' if |io>t|H»i«,il 
nillil roiii|i|rlioii of IK.- iir\| |ilias<' of MH- |irojcrl. 

IV. CONCH SIONS 

6.      Coiu'liiuioii«.   Itastil on (lie ilala oltlaini'il in llu  lalioralor) |»liax* of llii> 
>liiil\ and >iiltji-rl lo llial ilala ^cnrrali-il in llir |iiloi planl |ilias«-. llir followiii<! romlii- 
sioiij. apiHar valid: 

a.      Tin- a|i|)lh alion of i rllnlos-atrlalr ami moilifinl Milfonali-il |H)|\|I|I«'M\- 

Irnr u\iilr KO mrmliram^ a.« a nnil pron-ss in llir IrraliiHtil of ililnlr arid MaslrHal«,r> 

uriicralnl at U \ \i* i.« Irchnit-alK frasilih-. 

I».      Tin- «onrt-nlralioii of nilrir ami Milpliiirir arid at anririaldr ralo for 
•■iipiiii'riiij» sialr ii|i loin«: KO i* fia>il»lr and allainaidi-. 

r.      Tin* |HTni«'alioii or flnv rail'.« allainaidi' in llu  Irraltnrnl of \{ Wl'arid 
Ma.'>|),Malrr> arr ar«-r|ilald<' for i-n<:inri-rin^ M-afc'-uj». 

d.      IhdroKsis of llir «-rlliiloH-anialr HH-tnliraiif did not si^nirnaiill) iiii|uir 
(IK* (M'rforiiianrc rliararh-risliis of llu- KO modiilr>. 

•'.       Ariilir rorrosion of (IH* imiallir rniii|ioiiriil> of llu- KO >\>lriii ran inlro- 
dmr u|M>ralional |iro|i|«iii> thai Mill si"nili<aiill\ inlrrfcrr uilli llir rrjerlion and flnv 
rales of (lie KO iiH'inliraiM-s. 

f.      (ionliniialion of llir |iro<!raiii into a IIKIM- II KO ftilol plant o|MTalion 
loiaird al KAM' for on->ili- «nalnalioii ami iNTforniamr donnnnilalion and/or vcrifiia- 
lion i>jiislilifd. 
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KKJKCTION MODKI. MATIIK.MATICS 

RO MODULE 

B 

D«-f in 11 m n s : 

\ j = l luif l v o l u m e in t ank 1 

- f l u i d v o l u n i c in t a n k 1 

C j = cone e n t r a t i o n in t ank 1 

Cconcentration in tank 2 

q j f l u i d f l o w r a t e in - d v , . },-
TTT 

q. - p r o d u t t f l o w r a t e d V , 
dT ** 

q b r i n e t l o w r a t e 
IJ 

t t i m e 

C l „ c , » " 0 

V I 0 V 1 ' 0 

i r e j e c t i o n p e r c e n t a g e rat* 



Consider S;ngK- Spec ies Only 

balarui  -m  !   is: 

(1)      ql   :C1  '   V1C1 "S  ::C1 +qB(J 

haläfiti' on 1 is: 

o.    ) C 

U)      qp   : C2 - q,  ^   Cj  - q,      a    ■= C, 

(2a)    _d V2  :  C2 - KC,  - K a  Cj 
dt 

:roir. continuity:       q.  - q    + qR        (3) 

V,  4 V2 = V10     (4) 

Overall balanc e on the system: 

C1V:+C2V2 = C10V10 (5) 

Cl =C10V10 -C2V2 (6) 

V - V V 1 0       V 2 

Now differentiate (2a) and obtain 

(2b)    V2 dC2 * C2 dy2 = KCj - K a   Cj 

dt dt 

(2r) 

Substitute (6) into (2c) 

V2 dC2 - C2 dV2 = 

dt dt 

= KC1 (1 -a    ) 

K 

Let    t. 

'X.   -   »  - 

MO"   V2 

C2      riVi 
K[L] dT 

C10V10 - C2V2 

Vl0-V2 

v2,d_c2 

K[A] dt 

Q-] 
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